Brief Report
Hypernatremia is defined as a serum sodium concentration more than 145 mmol/L 1 and is often seen in hospitalized children and adolescents. While hypernatremic dehydration is less common than isonatremic and hyponatremic dehydration, 2 the exact incidence in the pediatric population is unclear. Overall, the incidence of hypernatremia is higher with extremes of age, and in individuals with critical illnesses, underlying neurological disorders, and chronic medical problems. [3] [4] [5] Hypernatremia can occur as a result of either a net water loss or a gain of sodium. 6 Net water loss results from pure water losses (eg, adipsia, inability or lack of access to water, central or nephrogenic diabetes insipidus, and increased respiratory insensible losses) or from loss of hypotonic fluids (eg, gastrointestinal causes like diarrhea in infants, vomiting, nasogastric tube losses; renal causes like intrinsic renal diseases, glycosuria, use of hyperosmotic and loop diuretics, postobstructive diuresis; and cutaneous losses such as from burn surfaces). While hypotonic fluid losses result in the depletion of extracellular fluid volumes and may result in hemodynamic instability, pure water losses are not associated with such changes. However, this differentiation may be difficult. Net sodium gain, on the other hand, may occur due to excessive inadvertent or accidental sodium supplementation (eg, ingestion of excess salt, and parenteral administration of sodium bicarbonate for correction of acidosis) and may result in hypervolemia. The resultant hyperosmolarity is associated with significant morbidity and mortality necessitating appropriate fluid management. 4, 7 Although serum sodium concentrations more than 151 mmol/L are associated with higher mortality in the elderly population, 7 this correlation has not been documented in pediatric patients. The management of hypernatremia in children is focused on appropriate fluid replacement. However, attention should be given toward identification and correction of the underlying cause, which is essential for preventing a recurrence.
We present a case series of hypernatremia of variable severity where identification of the underlying etiology was associated with excellent clinical outcomes.
Case1
An 18-year-old underweight, nonverbal female with a past medical history of cerebral palsy, and severe developmental delays, was hospitalized for evaluation of persistent emesis and significant weight loss over a 2-month period. For a week prior to admission (PTA), the patient's mother reported daily nonbilious, nonbloody emesis with all meals. She had no additional significant past medical or surgical history, and was not on any medications. Despite the emesis, her mother reported that her daughter's appetite appeared unchanged. Her diet included pureed meals prepared by the family along with 1 can of Boost plus supplementation 3 to 4 times per day. However, the patient had lost approximately 20 pounds in 2 months. Associated symptoms included a progressive decrease in the number of wet diapers with no urine output noted for 12 hours PTA. Stool output was decreased to one hard stool every 3 to 4 days. Her mother reported no other systemic symptoms like fever, respiratory distress, or changes in mental status.
At presentation, the patient appeared extremely malnourished and dehydrated with dry oral mucus membranes and was tachycardic with a heart rate of 140 beats/min. She was afebrile, with a normal blood pressure, and in no respiratory distress. The rest of the physical examination was significant for generalized spastic quadriparesis, which was unchanged per parental report. Initial serum sodium concentration was 175 mmol/L, blood urea nitrogen (BUN) was 73 mg/dL (26.1 mmol/L), serum creatinine was 1.8 mg/dL (159.1 μmol/L), while serum potassium, calcium, and glucose concentrations were normal. She was not acidotic. Her initial urine sample, collected after fluid resuscitation, showed no casts, no hemoglobin, and 0 to 5 red and white blood cells per milliliter. Fractional excretion of sodium was 0.6%, indicative of prerenal azotemia. 8 She received 0.9% normal saline (10 mL/kg) bolus once in the emergency department in view of significant tachycardia, which was followed by 0.45% normal saline with 5% dextrose intravenous infusion. The infusion rate was adjusted to decrease sodium concentration <10 mmol/L per day. Serum sodium concentrations was corrected slowly over 7 days to 145mmol/L, since chronic hypernatremia was suspected. BUN and serum creatinine concentrations normalized within 48 hours. No neurological changes were noted during treatment.
Additional studies were obtained in an attempt to identify the underlying etiology for failure to thrive, emesis and hypernatremia. Abdominal radiographs revealed moderate stool burden with no evidence of obstruction or free air. Serum transglutaminase, endomysial IgA antibody and gliadin IgA and IgG analysis were normal. Fecal analysis for occult blood, and helicobacter pylori antigen were negative.
The patient developed a high fever of 39.6°C 7 days after admission. Urine dipstick leukocyte esterase and nitrites were strongly positive. Blood and urine cultures both grew Klebsiella pneumoniae, which was responsive to intravenous ceftriaxone therapy. A renal ultrasound with Doppler study revealed a large staghorn calculus in the right renal collecting system. Comparison with prior radiographs confirmed that it was radiolucent, which had resulted in difficulty detecting the stone in the abdominal radiographs. Simultaneous urine osmolality (396 mOsm/kg) and serum osmolality (292 mOsm/kg) ruled out diabetes insipidus.
The patient became afebrile after 48 hours of intravenous ceftriaxone treatment and then was switched to oral antibiotics after 10 days of intravenous treatment. Her home feeding regimen was reestablished. She had no further emesis, showed good weight gain and serum sodium concentrations remained stable below 145 mmol/L prior to discharge. She was scheduled for percutaneous nephrolithotomy after discharge.
Case 2
A 3-year-old, previously healthy male was admitted with multiple episodes of nonbloody diarrhea and emesis for 2 days. He had not urinated for 12 hours PTA. The parents reported no changes in mentation, fever, skin rash, or breathing difficulty.
At presentation, he appeared moderately dehydrated, but alert, nontoxic, and afebrile. He was tachycardic with a heart rate of 136 beats/min. He was normotensive, had a normal respiratory rate and no respiratory distress. The rest of the physical examination was unremarkable.
Initial serum sodium concentration was 155 mmol/L, BUN was 33 mg/dL (11.8 mmol/L), and serum creatinine was 1.1 mg/dL (97.2 μmol/L). Serum potassium, calcium, and glucose concentrations were normal with no acidosis.
The child received 0.9% normal saline (20 mL/kg) bolus once in the emergency department since he was tachycardic and had presented with oliguria. This was followed by 0.45% normal saline with 5% dextrose intravenous infusion. Initial urine sample, collected after fluid resuscitation, was concentrated with a urine specific gravity of 1.030, with no hemoglobin, red or white blood cells.
Serum electrolytes were monitored closely and intravenous fluids were adjusted to decrease serum sodium concentration <10 mmol/L per day.
On further inquiry, his mother reported giving him "high salt containing chips" with the belief that "salt absorbs water." She was concerned about his hydration because he was unable to tolerate oral rehydration solution. She believed that giving him the extra salt would be beneficial. The patient's mother was educated about the appropriate management of dehydration, and the risk of hypernatremia associated with excess salt intake. Oral treatment was initiated 24 hours after admission and was well tolerated. The serum sodium concentration stabilized and remained below 140 mmol/L, prior to discharge. The patient had no changes in mentation during the 72 hours of treatment period.
Case3
A 4-day-old full-term, large-for-gestation female baby was admitted to the intensive care nursery (ICN) for dusky spells. She was breast-feeding poorly and had decreased urine output. The antenatal history was unremarkable and there was no history of maternal diabetes mellitus. She had an uneventful birth and there were no maternal risk factors for neonatal sepsis. Her physical examination was remarkable for 17% weight loss from birth, she was tachycardic and appeared lethargic. Investigations revealed an elevated serum sodium concentration of 159 mmol/L, elevated BUN concentration, and increased anion gap acidosis. Blood glucose concentration, sepsis evaluation, chest radiograph, echocardiogram, magnetic resonance imaging of the brain, and electroencephalogram were normal. Her serum sodium and BUN concentrations normalized in 24 hours with intravenous fluids. No further apnea was noted.
While in the ICN, her mother revealed that she had not been able to nurse her baby properly for 2 days after delivery. Breast-feeding support was provided in the ICN and the mother was able to successfully breast-feed her baby. Subsequent serum sodium concentrations remained stable on feeds and home breast-feeding support was arranged.
Discussion
We present a spectrum of patients ranging from 4 days to 18 years who had variable presentations leading to hypernatremia and dehydration ( Table 1 ). The commonality among the patients was their inability to regulate their fluid intake either because of their age or underlying disabilities. Furthermore, the underlying etiologies leading to hypernatremic dehydration were not apparent at presentation because of the patients' inability to express symptoms or due to a lack of awareness among their care providers. A thorough evaluation, which included a detailed medical, social, and environmental history along with extensive laboratory tests, were required to diagnose the underlying etiology.
This case series highlights the fact that identification of the underlying etiology for hypernatremia is often challenging in young children and individuals with disabilities. The latter population may have multiple comorbidities that can mask the presentation and underlying condition. A high index of suspicion and thorough evaluation is needed to correctly identify the etiology of hypernatremia, which helps in formulating a comprehensive treatment plan which would prevent a recurrence.
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